The ubiquitin-conjugating enzyme (UbcH10) plays important roles in the regulation of cell cycle progression. Recently, UbcH10 expression has been demonstrated in several human and experimental tumors, and proteasome inhibitors have been tested in trials for pulmonary neoplasms; however, the underlying mechanisms as well as the clinicopathological relevance of UbcH10 in the genesis and progression of lung cancer remain largely unknown. Therefore, the authors evaluated the expression of UbcH10 in human lung cancer and evaluated its possible diagnostic and prognostic use. They found that most cases of lung adenocarcinoma, squamous cell carcinoma, and large cell and small cell carcinoma were positive for UbcH10. The expression levels of UbcH10 progressively increased with decreasing degree of tumor differentiation. There was a statistically significant difference of UbcH10 positivity between grade I/III of lung adenocarcinoma (p=0.013) and squamous cell carcinoma (p=0.002). No significant differences were found between histological types (p=0.072). In the case of cell blocks prepared from pleural effusions, inflammatory and reactive mesothelial elements did not show appreciable UbcH10 expression, whereas neoplastic cells exhibited clear UbcH10 positivity. The results suggest that UbcH10 might represent a new and promising diagnostic and prognostic marker in both histologic and cytologic specimens of lung cancer. (J Histochem Cytochem 60:359-365, 2012) 
Lung cancer is the leading cause of cancer-related mortality around the world (Molina et al. 2008) , but many problems concerning its therapy and diagnosis are at present unsolved. A series of reports have focused attention on the potential role of the ubiquitin-mediated proteolysis and ubiquitinconjugating enzyme (UbcH10) in cell cycle regulation and malignant transformation (Wagner et al. 2004; Pallante et al. 2005; Berlingieri, Pallante, Guida, et al. 2007; Donato et al. 2008) . Pulmonary tumors are among neoplasms believed to be triggered and regulated in their growth from high levels of UbcH10 (van Ree et al. 2010) . Recently, proteasome inhibitors have been developed as therapeutic agents in cancer therapy (Rossi et al. 2005; Orlowski and Kuhn 2008; Testa 2009; Crawford et al. 2011) , and several phase I and phase II clinical trials in non-small cell and small cell lung cancer are in progress (Bunn 2004; Li et al. 2010; Escobar et al. 2011) . Paradoxically, the role of UbcH10 in human lung cancer is not yet well explored, and very little is known regarding the histopathological and immunohistochemical pattern of UbcH10 in the most important subtypes of lung cancer. To extend the knowledge about the relationship between lung cancer and UbcH10 and to better define the diagnostic and prognostic potentials of UbcH10 on histologic and/or cytologic specimens, we have evaluated the expression profile of the enzyme in normal lung tissue, low-grade and high-grade lung carcinomas, and pleural effusions. We suggest that a tailored lung cancer treatment might require, in the future, a preliminary study of the expression of UbcH10 by a simple immunohistochemical or immunocytochemical analysis.
Materials and Methods

Study Materials
In this article, a retrospective evaluation of histopathological (bronchoscopic biopsy and surgical resections) and cytopathological (cell blocks) specimens diagnosed at the Department of Pathology of the University of Catanzaro during 2006 to 2011 was done. Archival formalin-fixed and paraffin-embedded tissues were used. Cancer tissues obtained from 140 patients (94 men and 46 women; mean age 62 ± 8) with lung cancer encompassed 57 lung adenocarcinomas, 54 squamous cell carcinomas (SCCs), 8 large cell carcinomas, and 21 small cell neuroendocrine lung tumors. The diagnostic accuracy of classification of lung carcinomas has been assessed based on the 2004 World Health Organization classification (Beasley et al. 2005) . Grading of adenocarcinoma and squamous cells carcinoma was obtained according current criteria (Suster et al. 2007 ). Five normal lung specimens obtained at postmortem examination were also used as controls. The cytopathological study was carried out on formalin-fixed, paraffin-embedded archival cell block preparations from pleural effusions submitted for routine diagnosis at the Department of Pathology, University of Catanzaro. The cell blocks, each with histologic confirmation (n=47), included 15 reactive effusions, 14 pleural effusions of patients with malignant mesotheliomas, and 18 pleural effusions of patients with primary lung adenocarcinomas. Appropriate informed consent has been obtained from the patients involved in the study.
Immunochemical Staining on Tissue Sections and Cell Blocks
Xylene dewaxed and alcohol-rehydrated paraffin sections (4 µm thick) were irradiated in a microwave oven in 10 mM citrate buffer (pH 6.0) for 10 min according to the antigen retrieval method. After a washing step in PBS, rabbit polyclonal anti-α-UbcH10 (A-650) (Boston Biochem, Cambridge, MA) was applied at the appropriate concentration (1:100) and then incubated overnight at 4C. This polyclonal antibody has been used in previous studies to detect UbcH10 on Western blots (Pallante et al. 2005; . Secondary antibody (biotinylated anti-primary antibody species) was applied at a 1:100 dilution. Peroxidase-conjugated avidin-biotin complex was allowed to react with secondary antibody for 30 min, and antibody complexes were visualized after addition of 0.01% DAB (3,3′-diaminobenzidine tetrahydrochloride; Sigma-Aldrich, St. Louis, MO) and 0.01% H 2 O 2 in Tris (pH 7.2) for 4 to 6 min. Finally, sections were rinsed in tap water, dehydrated in graded alcohol, cleared with xylene, and mounted on glass slides with coverslips using Eukitt mounting medium (Calibrated Instruments, Inc., Ardsley, NY). Negative control sections for immunohistochemistry were processed without the primary antibody.
Statistical Analysis
A semiquantitative analysis was performed by an evaluation of the percentage of UbcH10-positive stained cells and staining intensity using the score system of Allred (Allred et al. 1998; Mohsin et al. 2004; Henderson-Jackson et al. 2011) . A proportion score was assigned representing the estimated proportion of positively stained tumor cells (0 = none; 1 = <1/100; 2 = 1/100 to <1/10; 3 = 1/10 to 1/3; 4 = 1/3 to 2/3; 5 = >2/3). Average estimated intensity of staining in positive cells was assigned as an intensity score (0 = none; 1 = weak; 2 = intermediate; 3 = strong). Proportion score and intensity score were added to obtain a total score ranging from 0 to 8. Statistical analysis was performed using analysis of variance (ANOVA) to compare adenocarcinoma and squamous cells carcinoma of different grades and the three groups of non-small cell lung cancer (large cell carcinoma, adenocarcinoma, and squamous cell carcinoma) with small cell lung carcinoma. The tests were significant when the p-value was <0.05.
Results
Immunohistochemistry
The results of immunohistochemical staining on biopsy specimens demonstrated positive UbcH10 expression in the four types of pulmonary cancer analyzed in our series and represented by lung adenocarcinoma (Fig. 1A,B ), squamous cell carcinoma (Fig. 1C,D) , and large cell ( Fig. 1E ) and small cell carcinoma (Fig. 1F ). The UbcH10-positive immunoreactivity appeared as a brownish color and was predominantly located in the nucleus of neoplastic cells with only a faint cytoplasmic signal.
Protein expression exhibited a close inverse correlation with the degree of tumor differentiation in both adenocarcinoma ( Fig. 1A,B ) and squamous cell carcinoma (Fig. 1C,D) .
Moderate expression of UbcH10 was seen in the welldifferentiated lung adenocarcinoma ( Fig. 1A) and squamous cell carcinoma (Fig. 1C) with no, or only scarce, immunolabeling in the transformed epithelium (asterisk in Fig. 1A ). UbcH10-positive cells in the poorly differentiated adenocarcinoma ( Fig. 1B) and squamous cell carcinoma (Fig. 1D ) were significantly higher than those in the welldifferentiated variants.
Moderate UbcH10 expression was detected in 14 of 18 cases of grade I adenocarcinoma (77.8%) and in 10 of 19 cases of grade III adenocarcinoma (52.6%). Strong UbcH10 immunolabeling was observed in 4 of 18 cases of grade I adenocarcinoma (22.2%) and in 9 of 19 cases of grade III adenocarcinoma (47.4%). With regard to lung squamous cell carcinoma, moderate UbcH10 expression was detected in 11 of 15 cases of grade I tumor (73.3%) and in 6 of 17 cases of grade III tumor (35.3%); strong UbcH10 reactivity was observed in 4 of 15 cases of grade I squamous cell carcinoma (26.7%) and in 11 of 17 cases of grade III squamous cell carcinoma (64.7%). Therefore, the expression levels of UbcH10 protein progressively increased with decreasing degree of tumor differentiation (Table 1) .
There was no difference in the subcellular localization of UbcH10 between the histological subtypes and the grade of differentiation of neoplasms. Also, a large proportion of large cell (Fig. 1E ) and small cell ( Fig. 1F ) carcinomas exhibited UbcH10 nuclear positivity.
In the case of cell blocks prepared from cytologic specimens (Fig. 2) , reactive mesothelial elements (asterisk) and lymphocytes (arrow) did not show appreciable UbcH10 expression ( Fig. 2A) , whereas cells of lung adenocarcinoma (Fig. 2B ) and neoplastic mesothelial cells exhibited clear nuclear signal with no background staining (which is of critical importance in cytology) also when cells are scattered and isolated in an abundant, UbcH10-negative inflammatory infiltrate (Fig. 2C) (Table 2) .
Statistical Analysis
As shown in Table 3 , no UbcH10 expression was observed in any normal lung tissues. UbcH10 positivity was detected in all types and grades of cancers analyzed in our series. Staining was present both in nuclei and cytoplasm in a variable percentage of cells. Statistical analysis (Table 4 ) suggested that UbcH10 expression correlated with tumor grade in lung adenocarcinoma and squamous cell carcinoma, but no significant difference was detectable among the main types of lung cancers.
Discussion
Ubiquitin-dependent proteolysis is closely related to diverse cellular processes, including cell cycle progression, signal transduction, and differentiation (Hershko and Ciechanover 1998; Joazeiro and Weissman 2000; Okamoto et al. 2003 ).
In this system, substrate proteins are processed for degradation by three distinct enzymes, including the ubiquitinactivating enzyme (E1), the ubiquitin-conjugating enzyme (E2), and ubiquitin ligase (E3) (van Wijk and Timmers 2010). Among the E2 gene family, the expression levels of UbcH10 have been shown to be extremely low in many of the normal tissues but prominent in a variety of human and experimental tumors of the stomach, lung, uterus, and bladder (Okamoto et al. 2003) . In this article, the expression profile of UbcH10 in human lung cancer has been studied for the first time in the scientific literature by using immunocytochemical techniques. The results of our examination strongly support the involvement of UbcH10 in lung adenocarcinoma and squamous cell carcinoma of human origin and extend these previous observations to the main types of lung tumors, both large cell and small cell lung cancer. In our series, no significant UbcH10 expression was observed in normal lung tissues, whereas neoplastic cells were positive for UbcH10 protein, in both histological and cytological preparations, that usually show a nucleusrestricted UbcH10 positivity associated with a moderate cytoplasmic labeling. Just a weak expression of UbcH10 was found in the well-differentiated variants of lung adenocarcinoma and squamous cell carcinoma, whereas a higher incidence of UbcH10 positivity was observed in the poorly differentiated types. These data provoked the hypothesis that an inverse relationship exists between UbcH10 expression and the histological grade of both adenocarcinoma and squamous cell carcinoma because high expression of UbcH10 correlates with poor differentiation of lung tumors. Several reports have demonstrated that aberrant expression of UbcH10 can promote tumor formation by deregulating the normal progression of the cell cycle and/or by impairing the spindle assembly checkpoint, potentially inducing chromosomal instability (Townsley et al. 1997; Rape and Kirschner 2004; de Gramont et al. 2006; Reddy et al. 2007; Jiang et al. 2008; Fujita et al. 2009; Patel and McCance 2010) . Because in our series, the intensity of UbcH10 immunoreactivity was significantly higher in poorly differentiated lung carcinomas as compared with the well-differentiated variants, we suggest that overexpression of UbcH10 may critically contribute to the growth and progression of the neoplasm rather than its initiation. Our observations are entirely compatible with a previous report by Wagner and coworkers showing a marked upregulation of UbcH10 transcript levels with increasing cellular grade in cancers of the breast, lung, bladder, and brain (Wagner et al. 2004 ). In addition, previous large-scale genetic studies have revealed that UbcH10 is one of the candidate molecules related to aggressive behavior of the tumors (Ma et al. 2003; Sotiriou et al. 2006) . Therefore, our immunohistochemical analysis is in agreement with prior biological studies that have implicated UbcH10 as a predictor of the biological characteristics of cancer.
In the case of cytologic specimens prepared from pleural effusions, cellular changes provide very useful diagnostic parameters but do not always allow a differential diagnosis between a reactive and neoplastic proliferation, making immunocytochemistry the best technique to differentiate them and to detect specific molecules on the cells that act as markers.
In the present study, we have demonstrated that UbcH10 staining was always easily detectable in the nuclei of the neoplastic cells of pleural effusions from patients with malignant disease; conversely, lymphocytes and reactive, nonneoplastic mesothelial cells accompanied by malignant cells have been found to be completely free of labeling. To our knowledge, this is the first study to evaluate the role of UbcH10 in the field of cytology. Our data demonstrate that UbcH10 might increase the efficiency of cytology to discriminate between non-neoplastic reactive states and neoplastic lesions and even to diagnose some particularly characteristic tumors. For instance, in a classical diagnostic setting (lung adenocarcinoma vs. mesothelioma), we found positive immunoreactivity for UbcH10 in malignant mesothelioma but not in reactive mesothelial cells. In the case of lung adenocarcinoma, which lack specific mesothelial markers such as calretinin, UbcH10 should be used in conjunction with a range of other antibodies (i.e., thyroid transcription factor-1 [TTF-1]) to validate the lung origin.
In conclusion, our results suggest that UbcH10 overexpression might chiefly represent a feature of the poorly differentiated carcinomas and propose UbcH10 as a novel and promising diagnostic marker for lung cancer with the potential to improve diagnostic accuracy in biopsy interpretation. In cytopathology, UbcH10 might be used as part of a tumor marker panel to discriminate neoplastic mesothelial cells from their benign, reactive counterparts, as well as when malignant cells are isolated and scattered in a background made of an abundant inflammatory infiltrate. Our results might encourage the perspective of a therapy of lung cancer based on the suppression of the UbcH10 synthesis and/or function. In such a perspective, the immunohistochemical examination of UbcH10 in lung neoplasms might become a predictive marker for therapy with proteasome inhibitors.
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